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© Stimulation of endosteal bone formation with a cell growth factor. 

A cell orowth factor stimulates endosteal bone formation in a warm-blooded animal, and therefore a cell 
foltc^ or treating a bone diseases for example bone-.oss d.seases such as 

osteoporosis by stimulating endosteal bone formation. 
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FIELD OF INVENTION 

The present invention relates to stimulation of endosteal bone formation in warm-blooded animals. 
5 BACKGROUND OF THE INVENTION 

Osteoporosis is a pathologic state characterized by pathologic bone mass reduction leading to clinical 
symptoms such as decrease in stature, and kyphosis leading to vertebral compression fracture and l.mb 
bone fracture. In developed countries, the number of osteoporosis patients has been ,ncreas.ng stead.ly 

10 Wi ^Tne 9 mL^edu P cltte cause of osteoporosis, occurs due to various hormone abnormalities, 
particularly estrogen deficiency following menopause, a lack of calcitonin, growth hormone deficiency, 
KShyroidism and hyperthyroidism as well as the physiological phenomenon of ag.ng. Other factors 
To fng ^ osteoporosis include diseases (chronic articular rheumatism and diabetes meHitus . , nu^ona. _ or 
metaboHc anomalies (deficiency of calcium, vitamin D, vitamin C or vitamm K. excessive untake of proxw 
phosphorus or sodium), the amount of exercise, heredity and interraca. difference Osteoporos s also 
occurs as a symptom (Cushing's syndrome) of the adverse effects of adrenocortical steroid, used to treat 

Vari ^ni\uL S oTadu,t mammals is constantly renewed (remodeling) in a well-balanced process of 
osteolysis/bone digestion (bone resorption) by osteoclasts and osteogenesis by osteoblasts^ Oste oporoas 
can be considered as a state of constant bone mass reduction in wh.ch the amount of bone resorbed 
exceeds the amount of bone formed due to bone resorption and osteogenesis imbalance associated with 

TadSnLlly. estrogen, calcitonin, active vitamin D, ipriflavone and other drugs have been administered 

" t0 ^Osteo'poSrcan be treated by administrating a drug which suppresses bone mass reduction or to 
increases bone mass. However, all the therapeutic drugs mentioned above mainly suppress bone resorp- 
tion; there is no therapeutic drug possessing osteogenesis promoting action (bone mass increasing action) 
as an approved efficacy. Thus, often even long-term administration of these drugs to osteoporosis patients 

oo only delays progress of the symptoms. In addition, these drugs have almost no therapeutic valu^when 
osteoporosis has progressed to the extent that bone fracture occurs. Accordingly, there have been demands 
for the development of a drug with potent bone mass increasing action or osteogenesis promoting action in 

Sh ° Taking^oToflhrbackground situation described above, the present inventors made investigations and 
35 found that cell growth factors stimulate endosteal bone formation in warm-blooded animals. The mventors 
made further investigations based on this finding and completed the present mvention 

Thus, the present invention is directed to stimulation of endosteal bone formation ,n warm-blooded 
animals. 

40 BRIEF DESCRIPTION OF THE DRAWINGS: 

Rgure 1 is a light microscopic photomicrograph showing a histologic image of the femur in the 
untreated control group, obtained in Example 1 - 

Figure 2 is alight microscopic photomicrograph showing a histologic .mage of the femur .n the group 
treated with rhbFGF mutein CS23, obtained in Example 1. 

Figure 3 is a light microscopic photomicrograph showing another histologic .mage of the femur in the 

untreated control group, obtained in Example 1 . 

Rgure 4 is a light microscopic photomicrograph showing another histologic .mage of the femur in the 
group treated with rhbFGF mutein CS23, obtained in Example 1. 

Rgure 5 is a light microscopic photomicrograph showing a histolog.c .mage of the sternum in the 
untreated control group, obtained in Example 1. 

Rgure 6 is a light microscopic photomicrograph showing a histologic .mage of the sternum .n the group 
administered with rhbFGF mutein CS23. obtained in Example 1. 

Figure 7 is a light microscopic photomicrograph showing a h.stolog.c .mage of the femur .n the 
55 untreated control group, obtained in Example 2. rh KFttF 
Rgure 8 is a light microscopic photomicrograph showing a histolog.c .mage of the femur .n the rhbFGF 

administration group, obtained in Example 2. 

Rgure 9 is a light microscopic photomicrograph showing a histologic image of the femur .n the 
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untreated control group, obtained in Example 3. . 

Figure 10 is a light microscopic photomicrograph showing a histologic image of the femur in the 
rhaFGF administration group, obtained in Example 3. . , am „ r :« th « 

Figure 11 is a light microscopic photomicrograph showing a histologic image of the femur in the 

s untreated control group, obtained in Example 4. ,,,, , m r i„, h .hcti 

Figure 12 is a light microscopic photomicrograph showing a histologic image of the femur in the hst-1 
mutein N27 administration group, obtained in Example 4. 

Figure 13 is a light microscopic photomicrograph showing a histologic image of the femur in the 
untreated control group, obtained in Example 5. ...... , th ,^,. r frf 

,o Figure 14 is a light microscopic photomicrograph showing a h.stolog.c image of the femur in the EGF 
administration group, obtained in Example 5. tihia m th« 

Figure 15 is a light microscopic photomicrograph showing a histologic image of the tibia in the 
untreated control group, obtained in Example 6. rh hFRF 
Figure 16 is a light microscopic photomicrograph showing a h.stolog.c image of the tibia in the rhbFGF 
is mutein CS23 administration group, obtained in Example 6. „ h »o;„^ :„ 

Figure 17 is a contact microradiogram (CMR) of the tibia in the untreated control group, obtained in 

^ Figure 18 is a CMR of the tibia in the rhbFGF mutein CS23 administration group, obtained in Example 

20 6 Figure 19 is a light microscopic photomicrograph showing a histologic image of the femur in the 
untreated control group, obtained in Example 7. 

Figure 20 is a light microscopic photomicrograph showing a histologic image of the femur in the 
rhbFGF mutein CS23 administration group, obtained in Example 7. 

as SUMMARY OF THE INVENTION 

The present invention provides (1) a method of stimulation of endosteal bone formation of a warm- 
blooded animal, which comprises administering an effective amount of a cell growth factor to said animal; 

(2) a pharmaceutical cell growth factor composition to provide a prophylactic or therapeutic action for the 
stimulation of endosteal bone formation of warm-blooded animals, comprising [A] an effective amount of a 
cell qrowth factor and [B] a pharmaceutical^ acceptable carrier, diluent or excipient; 

(3) use of a cell growth factor composition to produce a medicament to provide a prophylactic or 
therapeutic action for the stimulation of endosteal bone formation of a warm-blooded animal; and 

(4) a method of producing a medicament to provide a prophylactic or therapeutic action for the stimulation 
of endosteal bone formation in warm-blooded animals, which comprises admixing an effective amount of a 
cell growth factor with a pharmaceutcally acceptable carrier, diluent or excipient. 

DETAILED DESCRIPTION OF THE INVENTION 

As the cell growth factors for the present invention is exemplified by those having a molecular weight of 

500 Bnmptes of the cell growth factors include a peptide belonging to the fibroblast growth factor (FGF) 
family nerve growth factors NGF-1 and NGF-2/NT-3, epithelial growth factor (EGF), platelet-derived growth 
factor (PDGF). insulin-like growth factor (IGF)-I and -II. colony stimulating factor (CSF). erythropo.etin (EPO). 
thrombopoietin, interleukins IL-1, IL-2, IL-3, IL-4. IL-5 and IL-6. cartilage-derived factor (CDF), transforming 
growth factors TGF-a, TGF-/S and TGF-72. tumor angiogenesis factor (TAF), insulin, transferrin, fibronectin. 
laminin, chondronectin, hydronectin. hepatocyte growth factor (HGF). leukemia cell-derived growth factor 
(LGF) macrophage growth factor (MGF), bone morphogenetic protein (BMP)-1, -2A, -2B and -3, ud 
microglobulin (B2-m), and osteoinductive factor (OIF). These cell growth factors may be of the naturally 
so occurring type or of the mutein type. 

Preference is given to a peptide which belongs to the FGF family. 

The FGF family includes a basic FGF (hereinafter also referred to as bFGF), acidic FGF (hereinafter 
also referred to as a FGF). int-2. hst-1. k-FGF. FGF-5, FGF-6 and so forth. Muteins thereof are also 

ss nC ' U The FGF may be derived from mammals. Examples of such mammals include humans, monkeys, 
swine, bovines, sheep and horses. 

The FGF may also be extracted from various organs known to contain FGF. such as the brain and the 
pituitary gland. The FGF may also be produced by gene engineering techniques. 
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The bFQF may be obtained by recombinant DNA technology (FEBS Letters. 213. 189-194 (1987); 
European Patent Application Publication No. 237.966). 

in the oresent specification, recombinant human basic FGF is also referred to as mbFGF. 

The FGF may be a m utein. The FGF mutein is essentially a variant resulting from 
mutalon in the original peptide or protein; therefore, such mutations include ammo ac.d addit.on, constitu- 
tional amino acid deletion and substitution by other amino acids. 

Said amino acid addition means addition of at least one amino acid. . A 

laid coStu^onal amino acid deletion means deletion of at least one FGF-const,tut.ng ammo acid. 

SaS sub^Z by other amino acids means substitution of at least one FGF-consftuting ammo acd 

bV a Sat e ammracid id addition inc.udes neither methionine originating from the initiation codon for peptide 

e TntTdu"X a 'abo P ve muteins via amino acid addition, any number of amino acids may be added, as 
long as the nature of FGF is maintained. Preferab.y. the amino acid added may be a part,a. or enhre ammo 
acid sequence of any protein showing homology to FGF and hence similar activity 

in producing the above muteins via constitutional amino acid deletion from FGF. any number of ammo 

^l^TZZTalT, rSSE "amino acid, any number of amino acids may 
be ub£tr b ^r a mino acids, as long as the nature of FGF is maintained. The mutom j. 

C^frT^ination of two or three add-ons, deletions, and substitutions as 
descrL ab" y some combination thereof. The mutein may also result from mtroduchon of a sugar 

Cha Th?mIm1s exemplified by the muteins described in European Patent Application (hereinafter also 
rpforred to as EP) Publication No. 281 .822. No. 326.907 and No. 394.951 . k . „ c 

The mu efn s preferab.y a mutein resulting from substitution of at least one human basic Re- 
constituting amino acid by another amino acid, with preference given to human bFGF mutem CS23, 
resulg from substitution of the 70- and 88-Cys residues by Ser (senna) in human bFGF (see EP No. 

'Se aFGF described above is exemplified by the FGF having the amino acid sequence shown in 
Biochemical and Biophysical Research Communications, 138, 611-617 (1986). 

3 FGF muteins include deletion type muteins such as those comprismg a polypeptide chain of 
90 to 133 ^con'nuous lino acids as a part of the sequence of a FGF comprising 140 am.no acids, with 
pLerence glen to muteins comprising a polypeptide chain of 120 to 131 continuous ammo acids as a part 

of the amino acid sequence of a FGF. 

Examples of such a FGF muteins include those described in EP Publication No. 420.222. 
The hsH described above is exemplified by the proteins disclosed in the Proceedings of Nat.onal 
Academy of Science, USA, 84. 2980 (1987). the Proceedings of Nationa. Academy of Science, USA. 84, 
7305 (1987) and Molecular and Cellular Biology. 8. 2933 (1988). at 
Exampies of hst-1 muteins inciude de.etion type muteins such as those resulting from delehon of at 
least onT of the 175 hst-1 -constituting amino acids, preferably from deletion of 1 to 47 contmuous hsVI- 
ZZSli faSno acids, more preferably from de.etion of 1 to 43 continuous hst-1 constituting ammo acd, 
and best is from deletion of any 1 to 27 continuous hst-1 -constituting am.no ac.ds^ 

Examples of such hst-1 muteins include those described in EP Publ.cation No. 421 455. 
TtTeGF for the present invention may be prepared by gene recombination technology for -nstance. 
ExampL of such production methods include the method described in EP Publ.cat.on No . 326.046. 

Tn the oresent invention endosteal bone formation is stimulated. In particular, when the present 
J"J£,J Z ^dmSered to a warm-blooded animal, osteoblasts proliferate markedly, new bone 
foSon c rs ^ 0 and bone Z mass increases markedly in a., the long or pipe bones such as »e 
elrs in m^ flaroones such as the sternum and ribs and in the irregular bones such as the vertebrae 
to thT«S dosage and the period of administration. Its toxicity is low. Therefore, the present 
mSSeScan Tused at a prophy.acUerapeutic medicine for various bone diseases including bone- 

^SZSZ^ZSSZ S p"2 invention a method whereby the osteoblast proliferation and 
boni fofmaS oSL on *e endosteum side of the diaphysis and metaphysis and no ' 
occurs onTe periosteum side (outer surface) of the bone. Therefore, the med.cament of the present 
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a ^ hnne is formed towards the marrow cavity, 
invention can strata the endostea, bone , «orm = J dn«J« • ^ ^ also , s 

The endosteal bone formation increases the thickness o tne ^ ^ metaphysis . B oth the 

thickness of aaoh trabecular ^^^^^^^tM^f*^^^ 
increase in the cortical bone f^^STJS thus prevent or assist in the therapy of the bone- 

' Si^e^^ - - endosteal bone 

The nature of the medicament of the present mverrtu* n wh, cn nylacticrth erapeutic action 

^nSn but not - -^^^^ - disadvantages of pain or skeletal 

l0 tSS^^ extension of t h e b one = ^ , d th ^red 

in mature animals, old bone tissue .s J"» «J™ JoJ^rtasis; this mechanism is called remodel. ng In 
bv osteoblasts (osteogenesis), thus mamtain.ng ^ ^"^L^ factor is accompanied by osteoblast 
1 pTsent invention, the bone formation q caused * ortjoj* provjdes 
proliferation, but not osteoclast P^^Tpr^drS treatments for bone-loss diseases sought to 
, 5 formation without homeostatic remodel.ng. Prev.ous 9 Tnere fore, the bone mass '"^ase effect 
decrease bone loss by decreasing bone resorption by °^° cl ^ ,S the bone forma tion by the cell growth 
devious drug treatment is f'^^r^T^s osteoblast proliferation and 

S^SS^fCrlSr^ congenita, or quired, include 
Samples of target bone diseases ,n the pres nt ^mvent.0 js and hyP ercalcem,a. The 

oone^oss diseases such as osteoporosis '^^^C^^^ is very effeCt ' ,Ve "V* 
prophylactic/therapeutic medicament for bone diseases o P ^ tissue cavitat|0n _ sucn aa 

Mention or treatment of bone ^^Z^ ^ — b0 " e T'E ? 
osteoporosis, because it causes osteoblast ^°' ,tera , boneSi flat bone s and irregular bones, 
bone salt mass and in turn reinforces all the long or pipe do , invention can be safely 

,o cal saline. Ringer's solution) and o,.y solvents (e-O. sesame _ ^ , 

salicylate, sodium acetate), buffers e.g.. sodium citrar J. jves ( ben2y l alcohol, phenol). 

sSizers (e.g.. human serum albumin, P^^J2Sd' e x P and othe r additives added as necessary 
SaeSS g .benzalkonium chloride, P r ^' ne ^^^as a solid preparation for injection, for 
"""E : Sparing the medicament - "V conventional methods using a 

instance the desired solid preparation for injection can oe excipie nts (e.g.. carboxymethyl 

SET- diluents (e.g., ^*~J%XL^~«> " ' 

cellulose (CMC), sodium alginate). Preservatives te *y>' ^ subs tances. 

SStoj. glucose, calcium glu^^M™^ the present invention, monosac- 
3 TSudng a pharmaceutical preparation for ^JST-Sn*. and other substances may be 
charides such as glucose, amino ^ids ^anous sa*s. human se ^ ^ ad(jed tQ 

added, with isotonizing medicaments. P H regulators, a g 

preferably about 1 to about 300 ug/kg body weight _ include intra venous 
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cavity or bone tissue and permucous administration Routes £ mucous membrane administration inciude 

nasLdministration.intr^^ admin istered so that it is deiivered 

It is preferable that the med.cament of the pre sent inven k> , 0 administer it into the 

systemicaiiy to the warm-blooded ™™*^^™*°Z administration frequency may range 

circulatory system, for instance, by be regular or intermittent. 

from more than once a day to less than once a w^ and ^mfniSred in the form of a sustained-re.ease 
The medicament of the present inventt0 "^ nc tl Microcapsules and implant pellets. In particular, a 

preparation. Such sustained-release preparat-ons mdude ^ P J ^ . mgfMt 

subcutaneously-implanted sustained-release ™™^*^ B]ease preparation is implanted or 
ln a preferred embodiment of the .P" s ^ 

injected directly in the medullary cav.ty o^ ^one tissue e S ent Swention, a calcium medicament may be used 
,n administering the preparation according » ™^ suppressors such as active vitamin Da, 

concomitantly, since osteogenesis ^""^ ^ be used concomitantly. 

active vitamin D 3 . calcitonin, estrogen and V^°™ m ^J™*° als0 referred t0 as rhbFGF mutein CS23) 
The recombinant human basic FGF mute^^ ? and 24 for Ep 

used in Examples given below is ^ s ^^^ co^^mc^us, 15 1, 701-708 (1988), 

Publication No. 281.822 and B.och emicah JJJgjJ^SSJ^IS. FERM BP-1645). 
employing the transformant Escher.ch.a col, J^M4gW82 0FO ^ ^ M& {or 

The above-mentioned transformant E. col, MM294/p <u w ' industrial Science and 

Fermentation. Osaka. Japan and ^^^^7^^ Session numbers and dates o, 
Technology. Ministry of International Trade and ""du^ry °t P dom9Stic deposition was i irst 

accession are shown in Table 1 below^Wth ^Pect to *e FR , d p ^ ^ ^ ^ 

made under a FERM P access.on number This deposi .or was t ^ 
Budapest Treaty; since then the transformant has been stored at phi unae 
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Transformant 


IFO 


FRl 


E. co« 

MM294/pTB762 


IFO 14613 
(May 27, 1987) 


FERM P-9409 FERM BP-1645 
(June 11, 1987) 



/ P LysS.pTB1051 (IFO 14952, FERM BP-2621)^ thod describe cl in EP Publication No. 

The EOF used in Examples given below was produced by me rwmg 4 d 5 for 

326.^46. Specifically, the EG F wa ^ pr ^"°^ J^g 1 ^ ^n|^200-EG F31 ) t^^ransf orm ant was prepared by 
EP Publication No. 326.046 using Badlus bre ^ ri H ^ P T e "nsformant Bac/7/us brews 47-5(pNU200- 
" ^JS^W^Sr-SSS (FERM BP-1087. - U.S. 
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Reference Example 1 Method of measuring bone formation or osteogenesis 

specimen of femur or «*■ was ^ from a site 6 to 10 mm = ^e^ 
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medullary cavity area (B) of the specimen, using an image analyzer (Pias Corporation, model 555). Value B 
^sSacted\ry£!e A to obtain the cortica. bone area, and was expressed in percent ratio to value A. 

Example 1 Osteogenesis promoting action of rhbFGF mutein CS23 in rats 

Four male rats and four female rats (Jcl: Wistar) in each group were dosed with rhbF GF mutei jr. C S23j at 
0 01 0 03 01 or 0 3 mg/kg/day by intravenous administration for 2 weeks starting at 6 weeks of age. Upon 
compfeSon of tne adm^tion period, the animals were killed, and their femurs sterna and ribs were fixed 
in To? formann. decalcified embedded in paraffin and sliced ^f^J^SS Assess S 
stainino with hematoxylin-eosin (H-E). these sections were examined histopathologically to assess tne 
eSs 'orboneTifsr Animals in tne control group were dosed with physiological saline .n the same 

"T^eTo^ and were seen dose-dependently at doses of 0.1 mg/kg or more in 

the Xmu s sterna and ribs. This finding was found in the marrow cavity side of the metaphysis and 
diaphyTs I tte femTrs (see Figures 1, 2. 3 and 4). and in the marrow cavity side of the centra, porfion of 
bone in the sterna and ribs. 

^SZ^^^t^Z -ale, untreated control group. H-E stained. . 8.5. no 

f"! Fem^Jcl: Wistar rat. 8-week-o.d female. rhbFGF mutein CS23 0.3 mg/kg group. H-E stained, 
x 8.5, showing new bone formation in the marrow cavity. 

Figure 3: Femur. Jcl: Wistar rat. 8-week-old female, untreated control group. H-E stained, x 85. no 

STJ FemTjcl: Wistar rat. 8-week-o.d female. rhbFGF mutein CS23 0.3 mg/kg group, H^ stained^ 
x 85, showing new bone formatioin in the marrow cavity, no osteogenesis .s seen on the peristeum 

Si .n e the r 73 mg/kg group, similar findings were obtained on the marrow cavity side of the ribs at the 
costochondral joint In these bones, osteogenesis occurred on the marrow cavity side alone and did not 
occur on fhe outer L (periosteum side) of the bone. No osteoclast proliferation occurred at any dose 
°evel Also noted was epiphysial osteoblast proliferation in the 0.3 mg/kg administration group, indicatmg 
promotion of endochondral bone formation (see Figures 5 and 6). 

Details of Figures 5 and 6 are as follows: 17 . nn 

Figure 5: Sternum. Jcl: Wistar rat. 8-week-old female, untreated control group. H-E stained, x 170. no 

FigTrSrnum. Jcl: Wistar rat. 8-week-old female. rhbFGF mutein CS23 0.3 mg*g group H-E 
stained, x 170. showing hypertrophy and proliferation of the osteoblasts (arrow) and new boner format^ 
in accordance with the method described in Reference Example 1, cortical bone area i < A) was 
calculated on the femur specimens from the 0.3 mg/kg administration group results are given in , Table 2^ 
The cortical bone area (%) in the 0.3 mg/kg administration group was statically greater than that .n the 
physiological saline administration group. 

Table 2 



45 



Group 


Number of 
animals 


Cortical bone area (%) 


Physiological saline administration group 

rhbFGF mutein CS23 0.3 mg/kg administration group 


4 
4 


59.6 t 2.4 
70.2 ± 2.1* 



50 



level of 1% (mean ± SE). 
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Example 2 Osteogenesis promoting action of rhbFGF in rats 

Four female rats (Jcl: Wistar) in each group were dosed with human basic fibroblast growth factor 
(rhbFGF) at 0.03. 0.1 or 0.3 mg/kg/day by intravenous administration for 2 weeks starting at 6 weeks of °age. 
One day after final administration, the animals were killed, and the femurs, sterna and nbs were fixed .n 
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10% formalin, decalcified, embeddec ^^Z^^^S 
tt^ZEXS XSSZ 9 To"osed with 0.0 2 M Tris-HCI-1 M NaC. bufler (pH 

^ J^rsT tSSS^Si bone formation were seen dose^ependently at dc«es of 

0 03 mgVg or moS in the femurs and at 0.1 mg/kg or more in the sterna. This finding was obta,ned from 
?h« m ™ cavTw side of the metaphysis and diaphysis in the femurs (see Figures 7 and 8). and from the 
TJo7Z ™^ T*eL™ pSio'n of the sterna. No osteogenesis occurred on the periosteum s.de. 

abnormal findings. 8 . week . 0 |d female. rhbFGF 0.3 mg/kg group, H-E stained, x 85, 

K^nSE. 'tnSn inlhemarrow cavity, no new bone formation is seen on the periosteum 

In" Accordance with the method described in Reference Example 1, cortical bone area (%> was 
, , . Z fZ tern .r soecimens from the 0.3 mg/kg administration group (results are g.ven in Table 3). 

^JZT~^™0 U ZUs adminltition group was statistically greater than that in the 

Tris-HCI buffer-administration group. 

Table 3 



Group 


Number of 
animals 


Cortical bone area (%) 


0.02 M Tris-HCI buffer administration group 
rhbFGF 0.3 mg/kg administration group 


4 
4 


43.6 ± 0.9 
52.0 ± 1.3* 



significance level of 1% (mean ± SE). 
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Example 3 Osteogenesis promoting action of rhaFGF in rats 

Fn , {fimfllfi rats / Jc| . wistar) in each group were dosed with human acidic fibroblast growth factor 
rmaFGR at 0 03 0 1 or 0 3 mgSg/day by inLenous administration for 2 weeks starting at 6 weeks of age. 

central portion of the sterna. No osteogenesis was seen on the peristeum s.de. 
Details of Figures 9 and 10 are as follows: 

Figure 9: Femur. Jcl: Wistar rat, 8-week-old female, untreated control group. H-E stained, x 85. no 

F^T?0 fin F?mu S ; JO- Wistar rat. 8-week-o.d female. rhaFGF 0.3 mg/kg group. H-E stained, x 86. 
sEg new Ze formation in the marrow cavity, no osteogenesis is seen in the peristeum s,de 

InTccordance with the method described in Reference Example 1. cortica. bone area (%) was 
calc atedTn the'emur specimens from the 0.1 mg/kg administration ™£ 
The cortical bone area (%) in the 0.1 mg/kg administration group was statistically greater than that 
Tris-HCI buffer-administration group. 
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Table 4 



Group 


Number of 
animals 


Cortical bone area (%) 


0.02 M Tris-HCl buffer administration group 
rhaFGF 0.1 mg/kg administration group 


4 
4 


43.9 ±0.6 
48.7 ± 1 .8* 



-: Indicates that the difference between the groups is statistically significant at a 
significance level of 1% (mean ± SE). ^ 



Example 4 Osteogenesis promoting action of hst-1 mutein N27 in rats 

i*t nniM Tri^-HCi-o 2 M NaCI buffer (pH 7.4) in the same manner as of the treated groups. 
T. »S os ooblast Troliferationand new bone forma«on were seen ^dependent.y a doses o 
0 03 mo/kq or more in the femurs and sterna and at 0.1 mg/kg or more ,n the nbs. This finding was 
Sinad from thTmarrow cavity side of the metaphysis and diaphysis in the femurs (see F.gures 11 and 
25 "om the maZ cav£ side of the centra, portion of the sterna and ribs. No osteogenes,s was 

seen on the periosteum side. 

-male, untreated contro, group, H-E stained. . 85. no 

3D STi 1 Femur' Jcl- Wistar rat. 8-week-old female, hst-1 mutein N27 0.3 mg/kg group. H-E stained x 
30 S showing new bte formation in the medullary cavity, no new bone formation ,s seen on the 

T°irdanceS W ihe method described in Reference Examp.e 1. cortical bone area <%> was 
calculated onlhe femur specimens from the 0.1 mg/kg administration group (results are , g.ven ,n , Table 5£ 
3S Thetrtica° bone area (%) in the 0.1 mg/kg administration group was stat,st,ca..y greater than that ,n the 
Tris-HCl buffer-administration group. 

Table 5 
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Group 


Number of 
animals 


Cortical bone area (%) 


0.01 M Tris-HCl buffer administration group 
hst-1 mutein N27 0.1 mg/kg administration group 


4 
4 


46.4 ± 1 .2 
52.9 ± 2.3" 



level of 1% (mean ± SE). 



so Example 5 Osteogenesis promoting action of EGF in rats 
as of the treated groups. 
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,„ acc.-danca wUh th. n»thoJ dented «^J2«™Up " T- * 6 > 

ammonium acetate buffer-administration group. 

Table 6 



75 



20 



Group 



Ammonium acetate buffer administration group 
EGF 0.3 mg/kg administration group 



Number of 
animals 



4 
4 



Cortical bone area (%) 



57.0 
66.1 



: 2.0 
: 1.3* 



cor u.o * . 1- 

V indicate, that the difference between the groups ,s statically significant at a 
significance level of 1% (mean * SE). 
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«e6 Ca.cified cance.lous bone formation promoting action of rhbFGF mutein CS23 in rats 
F ,e ma,e rats <™>^^^ 

treated group. Upon completion of ft. 'T^^^^^^^Q - bona cutter, stained with 
tibias were fixed in 70% ethanol. A prox,mal porter . of the tb,a w * « Two hundred and fifty 

Viianueba Bone (VB). dehydrated and *en embed *rf -J^ejacry ^ ^ ^ ^ ^ 
micron thin frontal sections were cut out from £e »™ lese polished specimens, contact microradiograms 
70 micron thickness using a mechamca. ^^^^^s were deveioped with D-19. stopped. 
(CMR) were taken using a soft ^ J^g^^^ to yield microscopic specimens. Po.ished 

— in canada ba,sam to yie,d 

proximal portion of the tibia and marked proWerabon Sjnce CMR spec imen examination 

eiaphysisintheO, mg/kg ad — Tw^ cancellous bone pro.iferated. the 

jSlTcSboVJS^ caLed bone (see F.gures 17 and fB, 

itt£M»^ ~ and diaphysis ~ 

p^al hypotrophy in tM P»oxln>al 9'«* p "*_ . CMR. « 7.5. no abnormal Boding.. 

„ Hgoro ,7: Tibia. ™^~*ZZ£Z££%n^ CS25 0., mg*g o,oup. CMR. , 7.5. 

E> , ropl .7 OabaooeneS. promonr,, «•» o! ihbFGF muWh CS23 in «*. rls 
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» the *»d n> ™a (Mm "^*' a "" ™7 8 ™ 1 ca»ty *» o( the cantra, portion o. 

abnormal findings. temfl ip rhbFGF mutein CS23 0.3 mg/kg group. H-E 

r;^ 20 « ~ 9 " zsxszzu. «. - — - - - - 

20 Ex ample 8 Production of injection 

" ""X^ueous solution <pH 7.4) containing 0.5 mg of rhbFGF mutein CS23, 10 mg o, sucrose and 15 mg 
of sodium citrate per ml was prepared for a stable injection. 
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25 Claims 

loss disease- 

3. The use in accordance with claim 1, wherein the prophylactic or therapeutic action is app.ied to 
osteoporosis. 

35 4. The use in accordance with the claim 1. wherein the cel. growth factor is one having a molecu.ar weight 
of about 5000 to about 25000. 

5. The use in accordance with claim 1. wherein the cel. growth factor is one belonging to the fibroblast 
40 growth factor (FGF) family. 

6. The use in accordance with claim 5, wherein the FGF family comprises a mutein of human basic FGF. 
7 The use in accordance with claim 6. wherein the mutein comprises a polypeptide where at leas, one 

45 ' constituent cysteine of human basic FGF is replaced by serine. 

a The use in accordance with claim 1. wherein the ce.l growth factor is an epithelia. cell growth factor 
(EGF) or its mutein. 

50 s. The use in accordance with Cairn 1. wherein the cel. 9= factor is hst-1 or its mutein where 1 to 27 
continuous constituent amino acid residues are lacking from hst-1 . 
10. The use in accordance with claim 1. wherein a ca.cium agent is administered to the animal concomi- 
tantly with the cell growth factor. 
55 Claims for the following Contracting States : GR, ES 

1. A method of producing a medicament to provide a prophylactic or therapeutic action for the stimulation 

11 
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of endosteal bone formation in warm-blooded animals, which comprises admixing an effective amount 
of a cell growth factor with a pharmaceutical^ acceptable carrier, diluent or exc.p.ent.. 

2. A method in accordance with claim 1. wherein the prophylactic or therapeutic action is applied to a 
bone-loss disease. 

3. A method in accordance with claim 1. wherein the prophylactic or therapeutic action is applied to 
osteoporosis. 

4. A method in accordance with the claim 1, wherein the cell growth factor is one having a molecular 
weight of about 5000 to about 25000. 

5. A method in accordance with claim 1, wherein the cell growth factor is one belonging to the fibroblast 
growth factor (FGF) family. 

6. A method in accordance with claim 5, wherein the FGF family comprises a mutein of human basic 
FGF. 

7 A method in accordance with claim 6, wherein the mutein comprises a polypeptide where at least one 

constituent cysteine of human basic FGF is replaced by serine, 
a A method in accordance with claim 1, wherein the cell growth factor is an epithelial cell growth factor 
(EGF) or its mutein. 

25 9 A method in accordance with claim 1 . wherein the cell growth factor is hst-1 or its mutein where 1 to 27 
continuous constituent amino acid residues are lacking from hst-1. 

10. A method in accordance with claim 1, wherein a calcium agent is administered to the animal 
concomitantly with the cell growth factor. 

30 
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FIG. 1 
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FIG. 3 




F I G. 4 
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FIG. 5 




F I G. 6 
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FIG. 7 




FIG. 8 
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FIG. 9 





FIG. 1 O 
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FIG. 11 




FIG. 12 
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FIG. 13 





FIG. 14 
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FIG. 15 
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FIG. 17 
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FIG. 19 






FIG. ZO 
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